Introduction
============

In February 2016, in response to outbreaks in several Pacific and South American countries,[@R1] Zika virus was declared a Public Health Emergency of International Health Concern by the World Health Organization (WHO).[@R2] This was based on increasing evidence that Zika virus infection may be associated with congenital malformations and autoimmune neurological diseases, including microcephaly, cranial nerve dysfunction and Guillain--Barré syndrome.[@R1]^,^[@R2]

The emergence of the Zika virus has challenged basic outbreak surveillance systems in many at-risk, low-resource countries. Zika virus surveillance strategies need to be convenient, timely and cost-effective, ideally using routinely collected information. Data on the incidence of acute flaccid paralysis (AFP) in children younger than 15 years are routinely collected for polio surveillance by 177 of the 194 WHO Member States as part of the Global Polio Eradication Initiative. The most common cause of AFP is Guillain--Barré syndrome.[@R3] As the syndrome has been associated with Zika virus infection, increases in the incidence of AFP -- routinely reported to the Global Polio Eradication Initiative -- might provide a useful early warning for Zika virus outbreaks in resource-constrained settings. We analysed data from the Pacific Islands to test this hypothesis.

Local setting
=============

The Pacific Islands, which fall within WHO's Western Pacific Region, are home to several of the world's smallest, least developed and most isolated populations. The collective population of these islands (excluding New Zealand) is approximately 11.4 million people, of whom 8.2 million reside in Papua New Guinea and the rest are dispersed over the thousands of islands and atolls that make up the other 20 Pacific Island countries and territories. Most islands' health authorities rely on simple syndromic surveillance and ad hoc event reporting by clinicians for disease outbreak detection. Their ability to enhance early warning surveillance in response to acute public health threats such as Zika virus is hampered by limited coverage and sensitivity of existing early warning surveillance; limited capacity to investigate outbreaks; geographic isolation and widely dispersed populations; poor communication infrastructure; and inadequately resourced health systems.

Approach
========

We documented all Zika virus outbreaks and cases in the Pacific Islands for the years 2007--2015 and tested the significance of unexpected increases in AFP in years that correlated with Zika virus emergence.

We obtained data on Zika virus outbreaks in the 21 Pacific Island countries and territories from published and unpublished information. For published information, we performed a literature search using the search terms "Zika" and "Zika virus" in the PubMed database; the identified papers were reviewed for relevance to the Pacific Islands. Unpublished event-relevant information was extracted from WHO's weekly Pacific Surveillance Syndromic Reports[@R4] and from PacNet listserv posts.[@R5] PacNet is the email-based outbreak notification and discussion forum of the Pacific Public Health Surveillance Network. Data extracted included the start and end dates of events, and the reported number of suspected and confirmed cases. To verify information extracted from unpublished sources we consulted staff at WHO's Division of Pacific Technical Support in Fiji. We also collected information on Zika outbreaks and cases from January to November 2016 to provide a complete and up-to-date picture of Zika activity in the study area.

AFP surveillance for polio eradication purposes requires health workers to promptly report and investigate identified cases of AFP, including the results of testing for wild polio virus. We extracted data on the expected and reported annual incidence of AFP in children younger than 15 years for Pacific Island countries and territories from the Global Polio Eradication Initiative's surveillance database.[@R6] Then we compared these data with documented Zika virus outbreaks to identify space--time correlations.

We used the following Poisson probability formula to test the significance (at *P* ≤ 0.05) of unexpected increases in the incidence of AFP in children in the years when Zika virus emerged in each Pacific Island country or territory:
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Where *P* is the probability; *X* is probability mass function; *x* is the number of events in a specified time period; e is the mathematical constant (Euler's number, approximately 2.72); and *λ* is the expected number of events in the specified time period.

Zika virus cases
================

The first human outbreak of Zika virus was documented in the Pacific Islands in Yap State, Federated States of Micronesia in April 2007.[@R7] The investigators identified 185 suspected cases, of which 49 were confirmed. No further Zika cases were detected in the Pacific Islands until October 2013, when an outbreak of 383 confirmed cases occurred in French Polynesia.[@R8]^,^[@R9] Given travel pathways and close geographical and cultural ties, the outbreak in French Polynesia was suspected to have been the source of subsequent outbreaks on Easter Island (January--May 2014; 51 confirmed cases),[@R10] New Caledonia (January--August 2014, more than 1400 confirmed cases[@R11] and January--May 2015, 82 confirmed cases)[@R12] and Cook Islands (February--May 2014; 54 confirmed cases).[@R4] In 2015 two other countries reported emergence and autochthonous transmission of Zika virus: Solomon Islands (February--May 2015; 5 confirmed cases) and Samoa (September 2015 to May 2016; 24 confirmed cases). In 2015, sporadic (non-autochthonous) Zika cases were reported from Vanuatu (one case confirmed, April 2015) and Fiji (at least 15 cases, between August 2015 and June 2016).[@R4]^,^[@R5]

2016 update
-----------

In 2016 (outside the analysis window) three other Pacific Island countries and territories and Kosrae State, in the Federated States of Micronesia (on which Zika had previously not been detected) reported autochthonous transmission: Tonga (January--April 2016; two confirmed cases), American Samoa (February 2016 and ongoing; 52 confirmed cases as at 3 November 2016), Marshall Islands (February--April 2016; two confirmed cases) and Kosrae State (February 2016 and ongoing; 23 confirmed cases as at 2 November 2016). In November 2016, Palau reported a single confirmed Zika case.[@R2]^,^[@R5]

In addition, in March 2016 Papua New Guinea reported that six cases of Zika virus infection had been confirmed through retrospective testing of samples collected in May 2015 (one case), December 2015 (two cases) and February 2016 (three cases), indicating low levels of Zika virus transmission within the country.[@R13]

AFP cases
=========

Based on Global Polio Eradication Initiative predictions, the total expected annual number of AFP cases for the year 2015 was 36 (26 for Papua New Guinea and 10 for the other 20 Pacific Island countries and territories). The aggregated number of AFP cases among children reported in each year were 38 (2007), 35 (2008), 30 (2009), 37 (2010), 26 (2011), 14 (2012), 18 (2013), 27 (2014) and 41 (2015; [Table 1](#T1){ref-type="table"}).

###### Reported Zika virus outbreaks in the Pacific Islands and acute flaccid paralysis cases in children aged \< 15 years reported to the Global Polio Eradication Initiative, by country or territory and year, 2007--2015

  Pacific Island countries and territories      Population in 2016^a^   Annual no. of AFP cases expected^b^   No. of reported cases of AFP^b^ (Zika virus outbreaks: dates; no. of confirmed cases^c^)                                                                                                
  --------------------------------------------- ----------------------- ------------------------------------- ------------------------------------------------------------------------------------------ -------- -------- -------- -------- -------- ------------------- --------------------------- ----------------------
  American Samoa                                56 400                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Cook Islands                                  15 200                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (Feb--May; 54)            0 (0)
  Fiji                                          880 400                 3                                     7 (0)                                                                                      4 (0)    9 (0)    5 (0)    6 (0)    4 (0)    7 (0)               8 (0)                       4 (Aug; 2)
  French Polynesia                              273 800                 \< 1                                  1 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (Oct--Dec; 227)   0 (Jan--Jul; 156)           0 (0)
  Guam                                          169 500                 \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Kiribati                                      113 000                 \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Marshall Islands                              55 000                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Micronesia (Federated States of)              104 600                 \< 1                                  0 (Apr--Jun; 49)                                                                           0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Nauru                                         10 800                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  New Caledonia                                 277 000                 \< 1                                  1 (0)                                                                                      1 (0)    3 (0)    1 (0)    0 (0)    0 (0)    0 (0)               0 (Jan--Aug; \> 1 400^d^)   0 (Jan--May; 82)
  Niue                                          1 600                   \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Northern Marianas Islands (Commonwealth of)   55 700                  \< 1                                  0 (0)                                                                                      1 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Palau                                         17 800                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Papua New Guinea                              8 151 300               26                                    25 (0)                                                                                     12 (0)   24 (0)   17 (0)   10 (0)   10 (0)   18 (0)              12 (0)                      27 (May & Dec; 3^e^)
  Samoa                                         194 000                 \< 1                                  1 (0)                                                                                      0 (0)    1 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (Sep--Dec; \~3)
  Solomon Islands^f^                            651 700                 2                                     3 (0)                                                                                      3 (0)    3 (0)    7 (0)    3 (0)    0 (0)    1 (0)               6 (0)                       9 (Feb--May; 5)
  Tokelau                                       1 400                   \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Tonga                                         100 600                 \< 1                                  0 (0)                                                                                      0 (0)    1 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Tuvalu                                        10 100                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Vanuatu                                       279 700                 1                                     0 (0)                                                                                      1 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               1 (0)                       1 (Apr; 1)
  Wallis and Futuna                             11 800                  \< 1                                  0 (0)                                                                                      0 (0)    0 (0)    0 (0)    0 (0)    0 (0)    0 (0)               0 (0)                       0 (0)
  Total                                         11 441 400              36                                    38 (49)                                                                                    35 (0)   30 (0)   37 (0)   26 (0)   14 (0)   18 (227)            27 (1 700)                  41 (96)

AFP: acute flaccid paralysis; GPEI: Global Polio Eradication Initiative. 

^a^ Estimated populations were obtained from the Secretariat of the Pacific Community database (<https://prism.spc.int/regional-data-and-tools/population-statistics/169-pacific-island-populations>). 

^b^ Based on predictions of GPEI for 2015. Expected number of cases were the same for all reported preceding years except for Papua New Guinea in 2007 (25 cases). Data on AFP were from the Global Polio Eradication Initiative database.[@R6]

^c^ Data on Zika virus outbreaks (shown in bold) were extracted from published literature, WHO's weekly Pacific Syndromic Surveillance Reports and posts to the Pacific Public Health Surveillance Network's listserv.[@R5] Criteria for suspected and confirmed Zika virus cases vary. Suspected case definitions typically require a patient to have a rash or fever with any of the following: pain behind the eyes, conjunctivitis, body aches or oedema of hands or feet. Confirmation of suspected cases require a positive result from a laboratory test, either polymerase chain reaction assay or a serological test, such as immunoglobulin (Ig)M or serial IgG assay.

^d^ Exact number of cases was not available.

^e^ Zika virus infection was confirmed through retrospective testing of samples collected between July 2014 and March 2016. 

^f^ Correlation between higher than expected number of acute flaccid paralysis cases and Zika virus emergence was significant for the Solomon Islands in 2015 (*P* ≤ 0.001). 

Analysis of individual Pacific Island countries and territories found only one example -- the Solomon Islands in 2015 -- where a statistically significant increase in reported AFP cases correlated with the emergence of Zika virus (*P* ≤ 0.001). From February to May 2015, there were five confirmed cases of Zika virus infection out of 324 suspected cases in a population of about 651 700 people. In that year, nine cases of AFP were reported compared with the expected number of two. None of the seven other countries and territories reporting Zika virus cases from 2007 to 2015 (Cook Islands, Federated States of Micronesia, Fiji, French Polynesia, New Caledonia, Samoa and Vanuatu) showed significant rises in reported cases of AFP associated with emergence of Zika virus.

The significant increase in AFP cases in the Solomon Islands may be an indication of the usefulness of AFP detection for signalling the appearance of a Zika virus outbreak. Alternatively, it may reflect an increased vigilance of public health surveillance following the major tropical cyclone Raquel, which affected the Solomon Islands in July 2015, or it may just be an anomaly.

Lessons learnt
==============

Recommendations to enhance surveillance for Zika virus in at-risk countries have included improving surveillance for Guillain--Barré syndrome via the existing surveillance systems for AFP used by polio eradication programmes.[@R14] Our analysis, however, did not provide sufficient evidence that analysis of AFP incidence data collected for children provide a useful surveillance strategy to detect Zika virus emergence in this setting ([Box 1](#B1){ref-type="boxed-text"}).

###### Summary of main lessons learnt

-   Routinely reported data on acute flaccid paralysis (AFP) incidence in children were insufficient for the identification of Zika virus emergence in Pacific Island countries and territories.

-   Data from adults, who are more affected by Guillain-Barré syndrome, may confirm whether AFP incidence is a suitable early warning surveillance strategy for emergence of Zika virus in low-resource settings.

-   More evidence is needed that AFP reporting requirements are being met in remote areas and in regions certified as polio free.

Populations in Pacific Island countries are small and it is likely that the capacity to conduct and ensure compliance with AFP reporting requirements varies. This may be influenced by a lack of awareness of polio surveillance and associated AFP reporting, given that the last indigenous case of polio virus in the Western Pacific Region was reported in Cambodia in 1997, and the Region has been certified as polio free since 2000.[@R15] Small population sizes also means that the expected incidences of AFP in individual countries and territories are very low (often \< 1 case) and therefore statistical power may be lacking. More evidence is needed to determine whether the case detection of AFP is compromised in remote areas and in regions certified as polio free.

It should be noted that the Global Polio Eradication Initiative's AFP surveillance targets paediatric populations, who are less likely than adults to be affected by Guillain--Barré syndrome.[@R3] Data that include adult age groups (which is not currently routine practice) may provide better evidence to determine whether AFP surveillance offers a suitable strategy for Zika virus early warning in low-resource settings, such as the Pacific Islands.
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